The Air Force Research Laboratory (AFRL) Scholars Program offers stipend-paid summer internship opportunities to undergraduate-and graduate-level university students as well as upper-level high school students who are pursuing or plan to pursue degrees in science, technology, engineering, and mathematics (STEM). Internships through the AFRL Scholars Program are currently offered through the Directed Energy, Space Vehicles, and Munitions Directorates of AFRL with locations at Kirtland Air Force Base, New Mexico, Eglin Air Force Base, Florida, and Maui, Hawaii. Throughout their internships, AFRL Scholars gain valuable hands-on experience working with full-time AFRL scientists and engineers on cutting-edge research and technology. Overall, the selected interns are able to contribute to unique, research-based projects which often contain a strong emphasis in optics and photonics. This paper celebrates the continued success of the AFRL Scholars Program and shares a statistical overview of its growth over the past few years. In particular, the analysis focuses on how these STEM-related internships will hopefully meet the needs of an aging AFRL workforce in the years to come. This paper also provides an overview of two optics and photonics related internships at the undergraduate and graduate levels, respectively. Both interns received the Outstanding AFRL Scholar Award in their respective categories and are currently pursuing careers in optics and photonics based on their experiences as AFRL Scholars.
INTRODUCTION
Every year, the Air Force Research Laboratory (AFRL) funds a large number of summer internships for high-school, undergraduate, and graduate students through its AFRL Scholars Program. As shown in Fig. 1 , in 2015 the Directed Energy and Space Vehicles Directorates of AFRL at Kirtland Air Force Base (AFB) provided summer internships for over 125 high-school and university students interested in science, technology, engineering, and mathematics (STEM) [1] . A summer internship through the AFRL Scholars Program consists of a primary mentor, a secondary mentor, and a student researcher or 'Scholar'. In general, Scholars must meet the following eligibility requirements:
• A grade point average of at least 3.0 on a 4.0 scale is highly encouraged for all applicants • Must be willing to temporarily relocate to physical work location
• Must be able to take personal responsibility for arranging transportation to and from worksite each day.
• Must be able to pass a background check, potentially resulting in a Secret Security Clearance *email: mark.spencer.6@us.af.mil; phone: 505-853-1607
Based on these eligibility requirements, each Scholar is hand selected by their mentors from a pool of applicants using an online forum. These applicants are categorized by their respective backgrounds (e.g., undergraduate mechanical engineering, graduate physics, etc.). Upon selection, the Scholar works closely with their mentors and other researchers at AFRL to complete a specified project. To compensate them for their time and efforts, the Scholars receive stipends and, in some cases, assistance with housing and travel.
Figure 1. The Air Force Research Laboratory Scholars Program currently offers summer internship opportunities at Kirtland
Air Force Base (AFB), New Mexico, Eglin AFB, Florida, and Maui, Hawaii. For example, at Kirtland AFB there are two directorates to potentially work at, the Directed Energy Directorate and the Space Vehicles Directorate. As pictured above, in 2015 both directorates offered over 125 internship positions to Master's-and PhD-seeking graduate students and upperlevel-high-school and college-undergraduate students interested in science, technology, engineering, and mathematics.
The primary objective of the AFRL Scholars Program is to increase student participation in STEM. Long term, the goal is to train the next-generation of scientists and engineers (S&Es) to help meet the needs of the United States with respect to national defense. To achieve this long-term goal, Scholars work with AFRL S&Es in a laboratory environment and gain valuable hands-on experience developing cutting-edge technologies which often contain a strong emphasis in optics and photonics. For instance, at Kirtland AFB in the Directed Energy and Space Vehicles Directorates of AFRL, Scholars participate as 1) Directed Energy Scholars, which are graduate students interested in lasers, optics, high-power electromagnetics, and related technologies; 2) Space Scholars, which are graduate students interested in aerospace technologies, cold atom research, satellite image and signal analysis, space weather modeling, and related technologies; and 3) as Phillips Scholars, which are high-school and undergraduate students interested in careers in STEM. These Scholars participate in an organized program of lectures, career workshops, tours of AFRL laboratories, and social activities. The annual program culminates with two poster sessions at which Scholars present their results through posters and/or slides to government leaders and industry experts.
Since its inception in 2001, the AFRL Scholars Program has provided internship opportunities for over 1200 student researchers with positions at Kirtland AFB, New Mexico; at the Air Force Maui Optical and Supercomputing (AMOS) site in Maui, Hawaii; at Eglin AFB, Florida; and at Wright Patterson AFB in Dayton, Ohio. Until 2012, on-site government civilians administered the AFRL Scholars Program. That year, restrictions on government hires led to manpower limitations, which necessitated using an outside contractor to help run the program. Through an agreement with NASA, AFRL was able to use the Universities Space Research Association (USRA) to hire the student interns and conduct much of the administrative work for the program. In 2013, USRA was awarded a multi-year cooperative agreement to execute future scholar programs on behalf of AFRL. USRA's expertise, in partnership with AFRL, provides the AFRL Scholars Program with successful processing of security clearances, stipends, management of inand-out processing, and general facilitation of an outstanding Scholar experience. In what follows, this paper provides a statistical overview of the 2015 AFRL Scholars Program at Kirtland AFB in the Directed Energy and Space Vehicles Directorates. In particular, the analysis focuses on how these STEM-related internships will hopefully meet the needs of an aging AFRL workforce in the years to come. This paper also provides an overview of two optics and photonics related internships at the undergraduate and graduate levels, respectively. Both interns received the Outstanding AFRL Scholar Award in their respective categories and are currently pursuing careers in optics and photonics based on their experiences as Scholars. 
STATISTICAL OVERVIEW

Applicant demographics and statistics
For the 2015 AFRL Scholars Program at Kirtland AFB, 1506 applications were initiated and 572 applications were submitted. To complete an application, applicants used an online management system to submit resumes and transcripts and request letters of recommendation. Applicants represented a total of 199 academic institutions from across the United States and Puerto Rico. The data presented in in Fig. 2 outlines the top-level statistics. 
Participant demographics and statistics
Participant demographics and statistics provide insight into the diversity of the AFRL Scholars Program. With that said, returning Scholars represent a significant asset to the AFRL Scholars Program. They bring continuity and consistency to ongoing research and development on specific projects, and they also have the potential to become a viable addition to Table 2 . A representation of academic majors for the students participating in the 2015 AFRL Scholars Program at Kirtland Air Force Base. Scholar majors show specific knowledge and skill sets that Scholars bring to AFRL and are beneficial for targeted recruitment and meeting AFRL's objective to fill the gap in the recruitment workforce. The data establishes the number and diversity of majors that are represented annually.
Program metrics and outcome assessment
At the end of each summer, scholars and mentors are asked to complete surveys designed to collect valuable feedback on a variety of topics. Results from these surveys are outlined below. • 20% -interested in taking additional technology courses
• 38% -interested in taking additional engineering courses
• 17% -interested in taking additional mathematics courses
To evaluate the program's influence on career choices, scholars were asked to assess the impact of their mentor relationship and project experience. Survey results indicated the following:
• 40% -significant impact of mentors on career decisions
• 75% -excellent mentor/student relationship
• 57% -strongly agreed with increased understanding of desired career field
• 64% -strongly agreed or agreed that their career interests and/or attitudes changed (31% responded neutral)
Responses from Scholars concerning real-world applications for STEM, the benefits of the research conducted at AFRL, and whether or not they are gaining marketable skills, provide valuable insight into their perception of what they learn while at AFRL. Survey results indicated that 73% of Scholars "strongly agreed" that they learned real-world, hands-on, technical applications of STEM, and 63% of scholars "strongly agreed" that the research conducted at the AFRL had significant benefits, representing an 8% increase over 2014 participants.
Understanding the benefits of the research conducted at AFRL could play a key role in determining future career paths for Scholars. The AFRL experience and skills gained during the internship are highly valued by employers because Scholars demonstrate an aptitude for learning and the ability to apply acquired knowledge. The AFRL Scholars Program at Kirtland AFB offers Scholars the opportunity to gain first-hand, practical experience and skills in their desired career field. This experience and these skills are highly valued by employers because Scholars demonstrate an aptitude for learning and the ability to apply acquired knowledge. Of the responding Scholars, 72% "strongly agreed" that they gained valuable skills during their internship and 66% rated their project as "excellent."
At the completion of the internship, mentors are also surveyed for internship outcome and satisfaction on a variety of metrics. For the 2015 AFRL Scholars Program at Kirtland AFB, 88% of the mentors responded to the survey. Mentors had the opportunity to give an overall rating to their Scholars, including performance suitability to assigned projects, which resulted in a 95% performance rating of "very good" and "excellent."
A new survey was added for 2015 to gather mentor feedback on program elements and administration and generated a notable 76% response rate. The feedback included topics such as project submission, selection and ranking of Scholars, as well as communication, instruction, and overall assistance by program administration. Mentors gave an overall rating of 94% or higher for program administration and 65% of mentors stated that they would consider mentoring again or recommend mentoring to others.
Program annual comparison
The data presented in Table 3 and Table 4 summarize the top-level statistics for applicant data and participant data, respectively. This data celebrates the continued success of the AFRL Scholars Program at Kirtland AFB and shares a statistical overview of its growth over the past few years. 
OVERVIEW OF TWO OPTICS AND PHOTONICS RELATED INTERNSHIPS
This section provides an overview of two optics and photonics related internships at the graduate and undergraduate levels, respectively, for the 2015 AFRL Scholars Program at Kirtland AFB in the Directed Energy Directorate. Both of the Scholars who participated on these projects were mentored by the lead author of this paper. With that said, both interns received the Outstanding AFRL Scholar Award in their respective categories. The selection process for these awards was highly competitive and was based on the review of a letter of recommendation from their mentor by an independent review panel. At the time of the awards, both of the Scholars had accepted abstracts for the upcoming 2015 Directed Energy Professional Society Systems Symposium in Norfolk, Virginia. Upon the completion of their internships, AFRL sponsored their travel to this conference, so that they could present their novel research at a larger forum outside of AFRL. Attendance at this conference ultimately served as a capstone experience.
Before moving on in the analysis, it is important to note that both interns are currently pursuing careers in optics and photonics. For example, the graduate Directed Energy Scholar went on to finish his MS degree in electro optics at New Scholarship-more information can be found at https://smart.asee.org/. Since the Directed Energy Directorate is her sponsoring facility, her SMART Scholarship will ensure her employment at AFRL upon graduation. Overall, both internships really speak to the continued success of the AFRL Scholars Program, especially at Kirtland AFB in the Directed Energy Directorate.
Digital holography wave-front sensing in the presence of atmospheric turbulence: a graduate-level internship
With the use of modern digital holography methods, it is possible to detect the aberrations caused by atmospheric turbulence [2, 3] . This detection process is commonly referred to as wave-front sensing. Over the summer, laboratory experiments were performed using digital holography wave-front sensing, as shown in Figs. 6-8. Mid-term and final presentations were prepared to both introduce and explain digital holography wave-front sensing to AFRL employees.
In both presentations and a final report, an overview was given for the optical system design constructed in the laboratory to perform the digital holography wave-front sensing experiments. All experimental results were processed and analyzed using Lockheed Martin Coherent Technologies software. Several laboratory demonstrations were also discussed to confirm that the simulated atmospheric turbulence was accurate within the analysis. Free space Figure 7 . The nominal experimental setup. A highly coherent 532nm laser was used within the experiments. The reflected signal propagates though turbulent atmosphere, which was simulated using a Lexitek variable phase screen, to the "Receiver" aperture which images the target onto the CCD camera. Original image 6 Estimated phase Figure 8 . Shown here is a pictographic representation of the sequence steps which were used to process the collected data to achieve a sharpened image from the original image by estimating the phase aberrations.
Image-Plane Recording Geometry
Phased Beam Projection from Tiled Apertures: an undergraduate-level internship
Phased beam projection from tiled apertures allows for N 2 peak power scaling in the target plane without the need for logistically burdensome chemical lasers [4] [5] [6] , as shown in Figs. 9-11. Instead, an N number of electronic lasers are spatially distributed at the source and are coherently combined into one powerful beam at the target. In general, the presence of phase aberrations results in lowered beam quality and reduces power in the bucket at the target. For the studies performed here, the analysis was simplified by grouping all parameters which degrade beam quality into a single phase screen which exists in the exit pupil of the tiled-aperture setup of interest. Experimental and simulation data show that macroscale phase aberrations negatively affect the performance of coherent beam combination when the correlation length of the phase screen is less than a subaperture radius. However, when the correlation length increases beyond a subaperture radius, performance stagnates at the coherent limit of about 80% of power in the coherent bucket for the seven subaperture case. Applying phase screens individually to each beamlet stagnates performance at 40% of power in the coherent bucket, regardless of phase screen correlation length. Over the summer, mid-term and final presentations were prepared to both introduce and explain these results to AFRL employees. A final report was also prepared. Coherent beam combination Figure 9 . As the Air Force moves away from logistically burdensome yet powerful chemical lasers, it is important to find ways to consider less powerful yet more stable solid-state lasers. One of these concerns is scalability-it is required that these new systems have output powers of 150 kW or more. However, the output powers from solid-state lasers are limited to the single-digit kW range (because of bulk material considerations). Thus, it is necessary to combine the outputs of an N number of beamlets in order to reach this scaling requirement. Phased beam projection from tiled apertures allows for N 2 peak power scaling at the target, and in turn, this allows the scalability requirements to be met under perfect conditions. However, phase aberrations degrade beam quality and lower coherent beam combination efficiency at the target. In this internship, all phase aberrations were reduced to a single Gaussian Schell Model (GSM) phase screen such that degraded beam quality could be simulated, as shown in Fig. 10 . Figure 10 . Two cases were investigated; in Case (a), a single phase screen affected all apertures, and in Case (b), each subaperture was affected by a different phase screen. These cases represent both macroscale and microscale effects, respectively. It was found that, for Case (a), power in the bucket increased linearly with increasing phase screen correlation length until the coherent limit was reached. For Case (b), phase screen correlation length did not affect target-plane performance. Figure 11 . This study used computer wave-optics simulations to propagate a phased beam degraded by a GSM phase screen to the target plane for 500 iterations of Cases (a) and (b), such that Monte Carlo analysis was used. To ensure validity of the numerical simulations, experimental results were obtained in the AFRL/RDLTS Phasor Laboratory for the seven subaperture case. A diagram of the experimental setup is included above. A solid-state laser operating in the green (λ = 532 nm) was expanded to overfill the aperture of the spatial light modulator (SLM), providing essentially flat-top illumination. At the SLM, which allowed for experimental command of different tiled aperture geometries upon reflection, a new, randomly-generated phase screen was created for each iteration. Here, a lens phase was also applied such that the individual beams would focus to the same spot on the target. After reflection off of the SLM, the laser light propagated 14.37 feet to the target in the far field. For the target, a diffuse white paper-covered DVD was used and was mounted to a small motor. During experimentation, the DVD spun such that speckle averaging occurred with respect to the integration time of the CCD camera. Good agreement for propagation without aberrations was achieved between the analytical, simulated and experimental results.
CONCLUSION
The AFRL Scholars Program is a highly effective summer internship program that provides hands-on opportunities to students pursuing STEM-related career fields. Motivated students with top academic credentials in science and engineering fields are encouraged to visit the website to view the available research topics, contact the mentors, and to apply. Interested students may find out more information about this program by visiting the AFRL Scholars website: https:\\afrlscholars.usra.edu, or email questions to: afrl.rvrd.1@us.af.mil.
